Agricultural Data Science - Week 2

How can smart data transform

Indian farming? Precision Agriculture

Sensors, 10T, GPS mapping, and agricultural datasets how India's smallholder farmers
are adopting data-driven farming.

Session 2 (Week 2)

Sumaya Sanober , PhD

Session Focus You Will Learn

e Sensors, loT & GPS mapping fundamentals
India's fragmented smallholder farms face unique constraints. Low-

cost precision tools like drip irrigation, leaf color charts, and -
. . ) e Real farm dataset analysis (in-class)
cooperative sensor networks are transforming rural agriculture.

e Take-home research homework

e India-specific tech: drip, CLCC, land leveling
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Foundation Concepts

Right Input - Right Place - Right
Time

Precision Agriculture is a modern farm management strategy that uses
digital data to ensure crops receive exactly what they need no more
waste, no more guesswork.

Traditional vs. Precision Farming

Data-driven farming closes the feedback loop between field and decision

Traditional Farming UNIFORM Precision Farming TARGETED

Treats the entire field as one unit. Applies flat rates of water, seed, and Measures within-field variations using sensors, GPS, and data. Delivers
fertilizer everywhere, ignoring variations in soil moisture, nutrients, and exact inputs to specific micro-zones, saving water and fertilizer while
elevation. boosting yields.

The Data-Driven Farming Loop

g ol®

1. Sense 2. Decide 3. Act

Sensors, drones, satellites collect field data Algorithms analyze & recommend actions Drip lines, tractors, sprayers execute precisely
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Physical Hardware

Four Sensor Types Used on Farms

Each measures a different physical property of the field

: Th h d ’

Sensors' T e Eyes on t e G roun © Soil Moisture (Dielectric/TDR) ¥ Electrochemical (pH, NPK)
Measures volumetric water content (VWC%) at multiple depths. Used to trigger Detects nutrient concentrations of Nitrogen (N), Phosphorus (P), Potassium (K),
drip irrigation valves automatically. and pH balance to guide fertilization.
we1 Optical/Spectral (NDVI) “% Weather Station Suite

Modern loT sensors measure physical, chemical, and biological soil eaf ref o . e lieh . o) tiosing buck -

conditions in real-time. Connected via low-power networks (LoRaWAN, Measures crop leaf reflectance. Healthy plants reflect more near-infrared light; Anemometer (WII’.I .), pyranometer (solar), tipping bucket (rain), hygrometer
stressed ones absorb less red. (humidity) — a mini weather lab on your farm.

NB-loT), they turn dumb fields into intelligent ones.

loT Data Flow (3-Layer Architecture)

m - Gateway (LoRa/4G) - Cloud Dashboard - SMS Alert to Farmer
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Environmental Monitoring

Local Weather & Soil Health Systems

Turning raw environmental data into actionable farm decisions

Weather Grids & Soil Analytics

++ Weather Monitoring & Soil Health Monitoring

Actions triggered: What is measured:

e High humidity + wet leaves > 12 hrs - fungicide alert e Moisture at 10 cm, 30 cm, 60 cm depths

e Wind > 15 mph - halt chemical spraying e Nutrients: N, P, K, and pH balance

e Frost warning - activate micro-sprinklers e Soil temperature and salinity (EC)
National forecasts miss local microclimates. Farm-level weather stations e Monsoon forecast - delay fertilizer application e Organic carbon & compaction levels

paired with in-ground soil probes give farmers hyper-local intelligence
to make daily decisions.

4l Soil Moisture Thresholds (Volumetric Water Content %)

<10% 10-20% 20-35% > 40%

Wilting point Stress zone Optimal Waterlogged
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Spatial Intelligence

GPS Accuracy Levels for Farming

Different applications demand different levels of location precision

GPS & GIS Field Mapping

Consumer GPS RTK GPS Base Station

3-5m <2cm

Real-Time Kinematic GPS enables tractor auto-steer, laser land leveling, and seed row

Phone GPS. Fine for locating fields but too imprecise for row-level planting.
placement.

Precision needs precise location. GPS positioning and GIS map layering
let farmers see the invisible patterns beneath their fields — where the @ GIS Map Layers — The Farm Layer Cake
good soil ends and the bad begins.

e Elevation (DEM): Slope maps predict water runoff and waterlogging
° Soil Type Grid: Clay-sand-loam distribution & water retention indexes
° Yield History: Past crop performance to identify low-productivity zones

° NDVI Overlay: Real-time crop health from drone/satellite imagery
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India Focus - CEEW Research

India's Precision Ag by the Numbers

Real adoption statistics from CEEW (Council on Energy, Environment and Water)

India's Smallholder Reality

Micro-Irrigation Farmers Adopting PF Average Farm Size
9.2MH ~3M 2.5
- d .2 dC

Drip (4.2M) + Sprinkler (4.9M) systems across 29 states Estimated farmers using some form of precision technology Highly fragmented vs. USA's 440+ acre commercial farms
Indian farms average 2.5 acres — fragmented, rain-dependent, and
cost-sensitive. Precision farming here isn't about $500,000 tractors. It's © Barriers to Adoption &4 Government Support
about $1.50 charts and cooperative drip networks. e Farmer avg income: 378,000 (~$1,000 USD/year) e National Mission on Micro-Irrigation (2010)

e Fragmented plots make large machinery infeasible e 22 Precision Farming Development Centres

e Rainfed farmers averse to experimental risk e Tamil Nadu Precision Farming Project (TNPFP)

e Gender inequalities in tech access e BGREI Laser Land Leveler scheme (7 states)
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Real-World India Case Studies

Two Success Stories

India's precision ag success proves that data-driven farming works even
without expensive electronics. A X110 leaf card and simple drip lines are
transforming yields.

Drip Irrigation & the Leaf Color Chart

Two proven, scalable precision technologies for smallholders

{ Drip Irrigation (Tamil Nadu & Maharashtra) TNPFP CASE
30-70% 33-200% 30.5%
Water savings vs. flood irrigation Yield increase in horticulture crops Electricity savings on pumping

s Customized Leaf Color Chart (ICAR-NRRI) 2110 - ~$1.50

Farmers match rice leaf greenness against a plastic color card. Real-time nitrogen diagnostic — a physical "optical sensor" that requires no electronics.

29-40% 18-27% 48,000

Nitrate leaching reduction Urea input savings Charts sold across India

Key Insight: Precision agriculture is a philosophy, not a price tag. A X110 leaf card delivers the same principle — "right input at the right time" — as a $500,000 GPS tractor.
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In-Class Activity: Analyze the Data

Rainfall - Soil Moisture - Temperature - Crop Growth (5-day sample)

Day Rain (mm) SoilVWC% Max Temp (°C) Plant Ht (cm) NDVI
[ ] [ ]
The Punjab Rice Farm Dataset v oo 282 2 24 oes
Day 2 0.0 22.1 36.2 26.0 0.68
Day 3 0.0 14.8 375 26.2 0.58
Day 4 12.4 9.5 26.4 28.1 0.62
Day 5 28.5 31.5 251 31.0 0.74
You are a data analyst hired by a rice cooperative in Punjab. Analyze this
5-day sensor stream and recommend the next irrigation and fertilizer
schedule. High School Undergraduate Masters
On which day did soil moisture reach the critical wilting point (< Compare Day 3 (dry, hot) vs Day 5 (post-rain). Explain why NDVI Fit a linear regression predicting growth velocity (AHt) from
10%)? What did the plant do that day? drops even though the plant is still alive. VWC% and Max Temp. Discuss R? and multicollinearity.
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Assignment: The Farmer's Blueprint

Complete all sections. Choose your academic level's task-set.

° = The Scenario
[ ]
H 0 m ewo rk' Des'gn Yo u r Own You are advising Ravi Kumar, a 3-acre rice & vegetable farmer in Nashik, Maharashtra. His farm has variable soil (clay in the east, sandy in the west), monsoon-dependent
- e water, and a total precision-ag budget of 50,000 (~$600). Design his data-driven farming plan.
Precision Farm

B High School (300 words) B undergraduate (600 words) B Masters (1,000 words + code)

1. List 3 sensors you would install on Ravi's farm and why. 1. Build a %50,000 budget breakdown (drip, sensors, CLCC, 1. Design a decision-tree algorithm for automated drip

2. Draw a simple sketch of his field with sensor placements. station). triggering.

. .. . 3. Explain in your own words how one of the sensors saves 2. Calculate expected water savings (%) and yield gain (%). 2. Write Python/R pseudocode to fetch sensor data + trigger
Apply what you learned. Design a low-cost precision agriculture system
. . money. 3. Explain the loT data flow: sensor - gateway - farmer's SMS alerts.
for a small Indian farm using the sensors, tools, and concepts covered _ _ _ _
phone. 3. Discuss data ownership, farmer privacy, and cooperative
today. . o . . :
4. Compare your solution vs. traditional farming (ROl in 1 year). sharing.

4. Research one Indian agtech startup (e.g., Cropln, Fasal,

DeHaat).
# Submission I References Required = Bonus Points (+10%)
During Next Class Cite CEEW, ICAR-NRRI, or 1 primary source minimum Field visit photo OR interview with a local farmer
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S —— Session Summary & Further Reading

Key takeaways and authoritative sources for your assignment

Three Ideas to Remember 3 IN «

Sensors close the feedback loop India's path is unique Environmental & economic wins
Data without action is noise. Every sensor must feed a decision Micro-irrigation (9.2M Ha), the 110 CLCC, and cooperative drip 30-70% water savings, 33-200% yield gains, 30% electricity
that changes a physical outcome in the field. networks show precision ag works at any budget. reduction — profit and ecology align in the same decision.

Lk Primary Sources & Further Reading
Precision farming is not defined by cost or complexity it is defined by
the principle of matching input to need. That principle scales from a
%110 leaf chart to a $500,000 satellite guidance system.

[1] CEEW.Sustainable Agriculture in India 2021: What We Know and How to Scale Up. Council on Energy, Environment and Water, New Delhi. Detailed data on TNPFP, CLCC, laser land leveling, and micro-irrigation
economics.

[2] ICAR-NRRI.Customized Leaf Colour Chart (CLCC): A Paradigm Shift in Real-Time Nitrogen Management in Lowland Rice. National Rice Research Institute, Cuttack.
[3] Grant Thornton India.Accelerating Growth of Indian Agriculture: Micro-Irrigation Solution Strategy Paper. Case studies on drip & sprinkler impacts.

[4] U.S. GAO-24-105962.Precision Agriculture: Benefits and Challenges (2023). Global context on sensors, IoT, and adoption barriers.
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